Sclerotiorin, isolated and purified from the fermented broth of an unidentified marine fungus (98F134), inhibited the maturation of starfish oocytes induced by 1-methyl adenine with an IC 50 value of 0.50 μM. (-)-Sclerotiorin also showed antifungal activity against Saccharomyces cerevisiae, Aspergilus fumigatus, Alternaria longipes, Piricularia oryzae, Verticillium albo-atrum, Fusarium culmorum, and F. nivale with IC 50 values less than 20 μg/mL.
The cell cycle has been recognized as a good target for screening of new bioactive agents, especially for anticancer compounds. Cell cycle inhibitors have attracted much interest due to their great potential as pharmaceutical agents. As part of the research program for the isolation of novel cell cycle inhibitory agents from the sea, we applied a bioassay method using starfish oocytes as a model and occurrence of germinal vesicle breakdown (GVBD) as an indicator to screen marine sponges and fungi. Fully-grown oocytes of starfish are arrested at the prophase stage of the first meiotic division. The meiosis is reinitiated in response to 1-methyladenine (1-MeAde), the oocyte maturationinducing hormone of starfish [3, 4] . 1-MeAde is produced and released by ovarian follicle cells under the influence of a peptide hormone from the radial nerve.
On exposure of oocytes to 1-MeAde, the maturationpromoting factor (MPF) is activated in the cytoplasm [5] . The MPF has been identified as a complex of cdc2 kinase (cdk1) and cyclin B [6] [7] [8] , although the signal transduction pathway from putative 1-MeAde receptors to MPF has not yet been elucidated. Therefore, it has been generally accepted that oocyte maturation involves the pathways of both signal transduction and cell cycle progression. Breakdown of the germinal vesicle in oocytes is regarded as a marker of such reinitiation. Inhibitors of starfish oocytes reinitiation and maturation were sought to obtain biologically active substances which might act on either hormonal signal transduction or cell cycle regulation, including cyclinB/cdc2 inhibitors and microtubule assembly regulators [9] . In our early works, seven new meroditerpenoids that inhibited the maturation of starfish oocytes were isolated from a marine sponge, Strongylophora strongylata [10] ; three known polybrominated diphenyl ethers with anti-meiotic activities to starfish oocytes and inhibitory activity to the assembly of microtubule proteins were obtained from a marine sponge, Phyllospongia dendyi [11] ; and three known sesquiterpene quinones isolated from a marine sponge, Hippospongia sp., showed inhibitory effects on starfish oocytes maturation and G0/G1 cell cycle arrest on the HepG2 cell line [12] .
The ethanol extracts of 100 marine fungi were screened in our study. One strain (98F134) isolated from a sponge, Cribrochalina sp., collected in the coral reef at Palau, was found to have strong inhibitory activity on the maturation of starfish oocytes induced by 1-methyl adenine (IC 50 , 10 μg/mL). Bioactivity-guided fractionation of the crude fermented extract of 98F134 resulted in the purification of a compound that showed a dose-dependent inhibition of starfish oocyte maturation with an IC 50 of 0.50 μM ( Figure 1 ).The compound was identified as (-)-sclerotiorin by NMR spectroscopy, ESI mass spectrometry, and specific optical rotation value in comparison with literature data of (+)-sclerotiorin [13] and (-)-sclerotiorin [14] ( Figure 2 ). As a halogenated compound, (-)-sclerotiorin was first isolated from Penicillium hirayamae [15] , and its NMR spectroscopic data were reported by Yoshida [14] . Few biological activity data are available for (-)-sclerotiorin. Two azaphilones possessing a (-)-sclerotiorin skeleton have been reported to have endothelin receptor binding activity [16] . In this study, (-)-sclerotiorin was also tested against a panel of fungi (Table 1 ). (-)-Sclerotiorin showed moderate anti-fungal effects against Saccharomyces cerevisiae, Aspergillus fumigatus, Alternaria longipes, Piricularia oryzae, Verticillium albo-atrum, Fusarium culmorum, and F. nivale with IC 50 values less than 20 μg/mL. (-)-Sclerotiorin presented a wider spectrum against antiphytopathogenic fungi, indicating a potential application as an anti-fungal agent in agriculture. Sclerotiorin derivatives are members of the azaphilone class containing basic isochromane rings. They have been confirmed to possess potent biological activities as inhibitors of many important enzymes, including aldose reductase [17] , monoamine oxidase [18] , and cholesterol acyltransferase [19] . As we know, the cell cycle progress is strictly controlled by the activation of a series of protein kinases. The anti-meiotic effect of (-)-sclerotiorin on starfish oocytes probably comes from its possible interaction with the enzyme responsible for controlling the cell cycle program, which deserves further study.
Experimental
General experimental conditions: NMR spectra were measured on either a JEOL JNM A-500 NMR spectrometer or a Varian Unity Inova-500 spectrometer. Mass spectra were obtained from a JEOL HX-110 mass spectrometer (FAB mode, m-nitrobenzyl alcohol as matrix).
Isolation and fermentation of marine fungi (98F134):
The fungus 98F134 was isolated from a sponge, Cribrochalina sp., collected from the coral reef at Palau. Five small pieces of the sponge were disintegrated in a mortar with sterile seawater, and the resulted liquid (0.2 mL) was applied to an agar plate (1/10 YAS: 0.02% yeast extract, 0.1% soluble starch,
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Anti-meiotic and antifungal activity of sclerotiorin Natural Product Communications Vol. 5 (11) 2010 1791 2% agar, and 200 ppm chloramphenicol in 90% seawater). The fungus, grown on the agar plate, was isolated and inoculated on a slant in a culture tube. The strain was cultured in 10 500 mL flasks, each containing 150 mL of 1/2 PD medium [hot water (500 mL) extract of potato (200 g), 10 g dextrose, 500 mL natural seawater] for 3 weeks at 20˚C.
Isolation of (-)-sclerotiorin:
The fermented broth of the marine fungus (98F134) (1.5 L) was filtered, and the filtrate extracted with ethyl acetate three times (each 1L). The organic extract (2.0 g) was chromatographed on SiO 2 (φ 1.5 × 20 cm) with n-hexane-ethyl acetate (gradient elution, 9:1, 8:2, 7:3, and 1:1) to give 12 fractions. The bioactivity was detected in fraction-5 eluted by n-hexane-ethyl acetate (9:1, 0.3 g). (-)-Sclerotiorin (100 mg) was obtained from fraction 5 as yellow crystals by crystallization from CHCl 3 -CH 3 OH (1:1). Structure was determined by NMR spectroscopy ( 1 H, 13 C, HSQC, HMBC), ESI mass spectrometry, and specific optical rotation in comparison with literature data [14, 15] .
Starfish oocytes assay [10, 11] : The starfish Asterina pectinifera was collected from the coastal waters off Japan during the breeding season and kept in artificial sea water [ASW, 10 mM EPPS-NaOH (pH 8.2) containing 0.46 M NaCl, 10 mM KCl, 35.9 mM MgCl 2 , 1.75 mM MgSO 4 , and 9.18 mM CaCl 2 ]. The starfish ovaries were excised and cut into pieces in calcium-free ASW, and then the attached follicle cells were removed by pipetting. Oocytes in ASW thus prepared were collected by low-speed centrifugation (850 × g, 2 sec) and suspended in chilled ASW until use. Immature oocytes were counted and adjusted to 100 cells/mL. Oocytes were incubated on ice for 10 min with each test sample, followed by the addition of 1-MA. After incubation at 20˚C for 60 min, the state of germinal vesicles was observed under an inverted microscope. DMSO at a concentration of less than 1% was used to dissolve samples. This concentration of DMSO had no inhibitory effect on GVBD. D-α-Tocopheryl acid succinate (vitamin E) showed 100% inhibition of GVBD at 1 mM and was used as a positive control. The 50% inhibitory concentration (IC 50 ) for the test sample was defined as the concentration at which 50% inhibition of GVBD was achieved.
Antifungal bioassay: Antifungal bioassays were conducted in triplicate by following the National Center for Clinical Laboratory Standards (NCCLS) recommendations. The fungi were obtained from China General Microbial Culture Collection (CGMCC) and the American Type Culture Collection (ATCC), and were grown on potato dextrose agar (PDA). The fungal inocula were prepared from broth cultures that were incubated at 25 o C for 48 h, and the final suspensions contained 1 × 10 4 hyphae/mL. Test samples (10 mg/mL as stock solution in DMSO and serial dilutions) were transferred to 96-well clear plates in triplicate, and the suspensions of test organisms were added to each well to achieve a final volume of 200 μL with alamar blue (10 μL of 10% solution) added to each well as indicator. After incubation at 28 o C for 48 h, the fluorescence intensity was measured at Ex/Em = 544/590 nm using a microtiter plate reader. The inhibition rate was calculated and plotted versus test concentrations to afford the IC 50 .
